Bactericidal efficiency of UV-active TiO2 thin films on adhesion and viability of food-borne bacteria by Barthomeuf, M. et al.
195
Safepork 2015 Posters 
CONTROL STRATEGIES TO MITIGATE FOODBORN PATHOGENS
01. Bactericidal efficiency of UV-active TiO2 thin films on adhesion and viability of 
food-borne bacteria
Barthomeuf, M.(1) *, Raymond, P.(1), Castel, X.(2), Le Gendre, L.(2), Denis, M.(3), Pissavin, C.(1)
Abstract
Biofilms, containing pathogenic bacteria, represent a recurrent economic and safety problem in food 
industries, due to their high resistance to cleaning and sanitizing procedures. The development of photoactive 
surfaces with bactericidal property could facilitate the elimination of such microbial biofilms. One solution 
may be to deposit a photocatalyst top-layer (TiO
2
) on conventional materials used in food plants. Our aim is to 
study the photocatalytic activity of such layers on the adhesion and viability of different bacteria present on 
food plants, especially in pork meat factory: Listeria monocytogenes, Yersinia enterocolitica and Pseudomonas 
fragi. Glass substrates were coated with TiO
2
 thin films by radio-frequency magnetron sputtering under 
various deposition conditions (deposition temperature T, oxygen partial pressure P
O2
). The characterization 
of the TiO
2
 thin layers was performed using spectrophotometry, scanning electron microscopy and X-ray 
diffraction analysis. And photocatalytic activity under UVA illumination (365 nm) has been checked for all 
samples. Bactericidal activity has been demonstrated on the bacteria tested by enumeration of the adherent 
cells and in situ fluorescent labeling after three hours of contact with the thin film and a subsequent UVA 
illumination. Adherent bacteria with damaged bacterial cell wall were observed using a scanning electron 
microscopy; this can be associated with presence of oxidative stress due to the photocatalytic activity of the 
TiO
2 
thin layer. The selected TiO
2 
coating presents a photocatalytic activity leading to an oxidative stress. This 
activity provides bactericidal properties against different strains from the meat industry. This thin layer could 
be optimized by modifying anionic composition (band-gap reduction) during coating in order to be active 
under solar light so it could be used to fight against biofilms.
Introduction
Biofilms, containing pathogenic bacteria, represent a recurrent economic and safety problem in food industries, 
due to their high resistance to cleaning and sanitizing procedures. Microbial transfer from equipment surfaces to 
processed foods seems to be responsible of 60% of foodborne infections (Bridier et al., 2015)one of which is the 
food industry. A solid substrate, water and some nutrients are sufficient to allow the construction of a microbial 
fortress, a so-called biofilm. Survival strategies developed by these surface-associated ecosystems are beginning to 
be deciphered in the context of rudimentary laboratory biofilms. Gelatinous organic matrices consisting of complex 
mixtures of self-produced biopolymers ensure the cohesion of these biological structures and contribute to their 
resistance and persistence. Moreover, far from being just simple three-dimensional assemblies of identical cells, 
biofilms are composed of heterogeneous sub-populations with distinctive behaviours that contribute to their global 
ecological success. In the clinical field, biofilm-associated infections (BAI. Some bacteria, as L. monocytogenes, 
have the ability to persist in various food producing environments. Strains can persist from months to several years 
in pig slaughterhouses and processing facilities (Skovager et al., 2013). 
The development of photoactive surfaces with bactericidal property could facilitate the elimination of microbial 
biofilms present in food facilities. One expected solution would be to deposit a photocatalyst top-layer (TiO
2
) on 
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surface and materials used in food plants. After a photo-activation, such TiO
2 
thin films could generate an oxidative 
stress leading to the change of the surface properties and subsequent bactericidal properties (Chorianopoulos et 
al., 2011). The objective of this study was to evaluate the bactericidal effect of TiO
2 
thin films on different bacteria 
found in food plants such as L. monocytogenes, Y. enterocolitica and P. fragi.
Material and Methods
TiO2 thin films deposition and characterization: Glass substrates were coated during one hour with TiO2 thin 
films by radio-frequency magnetron sputtering under various deposition conditions (deposition temperature 
(T), oxygen partial pressure (P
O2
)). The band gap of the TiO
2
 thin layers was measured using spectrophotometry. 
The surface morphology was observed by scanning electron microscopy. Then, the X-ray diffraction analysis was 
performed in order to characterize the crystalline phase of the TiO
2 
thin film. Photocatalytic activity under UVA 
illumination (365 nm) has been checked for all samples by a discoloration test of methylene blue.
Antibacterial properties: A reference strain and an environmental strain from slaughterhouse were chosen 
for each species. The bactericidal effect of the photocatalytic TiO
2
 thin films was assessed after three hours 
of contact with the bacteria and a subsequent UVA illumination (365 nm, 60 min). Alive adherent cells were 
enumerated on agar plates after 48h at 37°C for L monocytogenes and Y. enterocolitica, 25°C for P. fragi. This 
was completed by in situ observations using epifluorescence microscopy after labeling with specific live-dead 
labeling kit (Filmtracer™ LIVE/DEAD® Biofilm Viability Kit, Life Technologies). Moreover the cells were observed 
by scanning electron microscopy in order to study the damages induced by the photocatalyst.
Results
TiO
2 
thin film deposition and characterization
Seven TiO
2
 thin layers with different deposition parameters were obtained (Table 1). The temperature 
range was from 360 to 480°C and theO
2
 flow varied from 3 to 12%. Thin layers, from 50 to 80 nm of thickness, 
were obtained. Except for the TiO
2 
83 sample, the layer was composed of anatase and rutile crystalline form. 
The surface observed by scanning electron microscopy appeared to be smooth except for the TiO
2 
83 sample. 
Only the TiO
2 
thin films obtained at 440°C were photoactive under UVA radiations. The most photoactive thin 
film was the sample TiO
2 
87 with a discoloration rate of almost 23 % of the methylene blue after UV activation 
of the thin film. According to the characteristics highlighted, the TiO
2 
87 thin film was selected to perform 
adhesion and viability tests with the different strains.
Table 1: Deposition parameters and thin films characterization
Sample ID Deposition parameters Crystalline phase Film thickness (nm) Photocatalytic activity 
under UVA radiations
T (°C) O
2
/Ar
 
Vol %
TiO
2 
77 360 6 Anatase / (Rutile) 79 Non significant
TiO
2 
80 400 6 Anatase / (Rutile) 81 Non significant
TiO
2 
81 440 6 Anatase / (Rutile) 50 Significant(-11%)
TiO
2 
83 480 6 Rutile 69 Non significant
TiO
2
 84 460 6 Anatase / (Rutile) 70 Non significant
TiO
2
 85 440 12 Anatase / (Rutile) 68 Significant (-8%)
TiO
2
 87 440 3 Anatase / (Rutile) 76 Significant(-22,9%)
Antibacterial properties
Without any UVA illumination, the cultivable adherent cells were as numerous on the glass substrate like 
on the TiO
2 
thin film.(Figure 1). In consequence, the thin film did not provide any anti-adhesive property to 
the support. After UVA illumination, the layer acquired a more hydrophilic property that was highlighted by 
the spreading of the drop of the methylene blue solution during photocatalytic tests. However, any significant 
antifouling property was noticed whatever the strain tested.
The UV susceptibility of the different strains was studied by using the glass substrate exposed or not to 
UV radiations. For the pathogenic bacteria of L. monocytogenes and Y. enterocolitica, there was no significant 
bactericidal effect of UV illumination. Moreover no significant difference of UV sensitivity was observed 
between the reference strains and the environmental ones. However there was a significant difference of 
the number of cultivable cells for the reference strain of P. fragi. Indeed, a 4 log decrease subsequent to UVA 
illumination was observed for this strain whereas the environmental strain was less sensitive.
  
a) L. monocytogenes b) Y. enterocolitica c) P. fragi
Figure 1: Influence of photocatalytic treatment on cell viability of six different strains, determined by counting on agar plates. a) 
L. monocytogenes, b) Y. enterocolitica, c) P. fragi, (1) Reference strain, (2) Environmental strain. UVA- : No illumination, UVA+ : 
Illumination under UVA (365 nm, 60 min). Data reported are the mean values of three replicates +/- standard deviation.
For all strains, except the reference strain of P. fragi, the photoactivated TiO
2
 87 thin film allowed at least a 
decrease of 1.5 log of the adherent cells. This was due to the action of the produced reactive oxygen species 
(ROS).
This bactericidal effect was confirmed by in situ fluorescent labelling. Adherent bacteria on the photoactive 
TiO
2 
87 thin film were dead on the contrary to the bacteria on the thin film with no UVA illumination. It was 
possible to confirm that the loss of the cultivability was due to a loss of viability. 
The cells adhering on Ti0
2 
87 thin film and on glass substrate were observed with scanning electron 
microscopy after the UVA illumination step. The cellular damages due to the ROS produced by the 
photoactiovated TiO
2
 thin film could be observed (Figure 2). Cells appeared black after UVA illumination on 
the TiO
2
 87 thin film because the bacterial cytoplasmic content was released. Whatever the strain tested, 
similar damages were observed. 
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surface and materials used in food plants. After a photo-activation, such TiO
2 
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thin film. Photocatalytic activity under UVA 
illumination (365 nm) has been checked for all samples by a discoloration test of methylene blue.
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for each species. The bactericidal effect of the photocatalytic TiO
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was completed by in situ observations using epifluorescence microscopy after labeling with specific live-dead 
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Results
TiO
2 
thin film deposition and characterization
Seven TiO
2
 thin layers with different deposition parameters were obtained (Table 1). The temperature 
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 flow varied from 3 to 12%. Thin layers, from 50 to 80 nm of thickness, 
were obtained. Except for the TiO
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83 sample, the layer was composed of anatase and rutile crystalline form. 
The surface observed by scanning electron microscopy appeared to be smooth except for the TiO
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Only the TiO
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thin films obtained at 440°C were photoactive under UVA radiations. The most photoactive thin 
film was the sample TiO
2 
87 with a discoloration rate of almost 23 % of the methylene blue after UV activation 
of the thin film. According to the characteristics highlighted, the TiO
2 
87 thin film was selected to perform 
adhesion and viability tests with the different strains.
Table 1: Deposition parameters and thin films characterization
Sample ID Deposition parameters Crystalline phase Film thickness (nm) Photocatalytic activity 
under UVA radiations
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Without any UVA illumination, the cultivable adherent cells were as numerous on the glass substrate like 
on the TiO
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thin film.(Figure 1). In consequence, the thin film did not provide any anti-adhesive property to 
the support. After UVA illumination, the layer acquired a more hydrophilic property that was highlighted by 
the spreading of the drop of the methylene blue solution during photocatalytic tests. However, any significant 
antifouling property was noticed whatever the strain tested.
The UV susceptibility of the different strains was studied by using the glass substrate exposed or not to 
UV radiations. For the pathogenic bacteria of L. monocytogenes and Y. enterocolitica, there was no significant 
bactericidal effect of UV illumination. Moreover no significant difference of UV sensitivity was observed 
between the reference strains and the environmental ones. However there was a significant difference of 
the number of cultivable cells for the reference strain of P. fragi. Indeed, a 4 log decrease subsequent to UVA 
illumination was observed for this strain whereas the environmental strain was less sensitive.
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Figure 1: Influence of photocatalytic treatment on cell viability of six different strains, determined by counting on agar plates. a) 
L. monocytogenes, b) Y. enterocolitica, c) P. fragi, (1) Reference strain, (2) Environmental strain. UVA- : No illumination, UVA+ : 
Illumination under UVA (365 nm, 60 min). Data reported are the mean values of three replicates +/- standard deviation.
For all strains, except the reference strain of P. fragi, the photoactivated TiO
2
 87 thin film allowed at least a 
decrease of 1.5 log of the adherent cells. This was due to the action of the produced reactive oxygen species 
(ROS).
This bactericidal effect was confirmed by in situ fluorescent labelling. Adherent bacteria on the photoactive 
TiO
2 
87 thin film were dead on the contrary to the bacteria on the thin film with no UVA illumination. It was 
possible to confirm that the loss of the cultivability was due to a loss of viability. 
The cells adhering on Ti0
2 
87 thin film and on glass substrate were observed with scanning electron 
microscopy after the UVA illumination step. The cellular damages due to the ROS produced by the 
photoactiovated TiO
2
 thin film could be observed (Figure 2). Cells appeared black after UVA illumination on 
the TiO
2
 87 thin film because the bacterial cytoplasmic content was released. Whatever the strain tested, 
similar damages were observed. 
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a) b)
Figure 2: Observations of P. fragi environmental strain (ECP 146) on TiO
2
87 using scanning electron microscopy. a) without UVA 
illumination. b) after UVA illumination.
Discussion
The use of TiO
2 
has been shown to have a bactericidal effect on different planktonic bacteria such as 
Escherichia coli, Listeria monocytogenes, Salmonella Cholerasuis or Pseudomonas aeruginosa. (Gupta 
et al., 2013; Wang et al., 2015). Such properties were also observed on adherent cells (Carré et al., 2014; 
Chorianopoulos et al., 2011). This leads to many applications including medical devices that are far described 
in the literature.
Titanium is known to be activated upon exposure to ultraviolet light that generates electron/hole pairs. 
Then, some reactive oxygen species (ROS) are produced. One target is the outer membrane of bacteria (Bazaka 
et al., 2012). Observation of cells emptied of their cytoplasmic content suggested that the outer membrane 
was damaged. This is due to the ROS produced by the TiO
2
87 thin layer.
In this study, the more important photocatalytic effect has been obtained on the environmental strain 
of P. fragi with a 2.5 log decrease. Pseudomonas species are the main flora responsible for spoilage in fresh 
meat products. These are dominant in poultry, pork, beef and lamb meat (Lebert et al., 1998)”container-
title”:”International Journal of Food Microbiology”,”page”:”53-60”,”volume”:”39”,”issue”:”1–2”,”source”:”Sc
ienceDirect”,”abstract”:”A total of 59 strains of Pseudomonas, isolated from meat products, were grown in 
micro-titer plates in a meat medium over a range of pH (5.8–7.0. Moreover, P. fragi is known to be a primary 
colonizer of surfaces in food plants. Zottola and Sasahara, (1994) showed that Listeria was trapped within 
the matrix developed by P. fragi when L. monocytogenes and P. fragi were grown together. Fighting against P. 
fragi could be a way to limit the presence of L. monocytogenes on plant surface.
Conclusion
On the contrary to other methods used to obtain TiO
2 
surfaces, the magnetron deposition method led to 
TiO
2
 thin films that are not considered to be a nanocoating. The TiO
2
 thin film used in this study were therefore 
non-toxic and could be used on open surfaces in food plants. The TiO
2 
87 displays a bactericidal activity but 
only under UVA radiations. This is a restriction to expect an application in meat plants. In consequence, the 
TiO
2 
87 has to be improved in order to be activated by visible light. Addition of silver or copper can further 
enhance the antibacterial efficiency of the photocatalytic coating, even under visible light and lower exposure 
time (Wang et al., 2015).
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a) b)
Figure 2: Observations of P. fragi environmental strain (ECP 146) on TiO
2
87 using scanning electron microscopy. a) without UVA 
illumination. b) after UVA illumination.
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